INTRODUCTION {#sec1-1}
============

Irrigation and instrumentation play a critical role in root canal therapy. Currently used rotary instrumentation produces smear layer that covers canal walls and the openings of the dentinal tubules\[[@ref1]\] which contains organic and inorganic substances.\[[@ref1][@ref2][@ref3]\]

Sodium hypochlorite is not able to remove the smear layer thoroughly because it is effective only on organic debris.\[[@ref3][@ref4][@ref5]\] Ethylenediaminetetraacetic acid (EDTA) effectively removes the inorganic portion of smear layer.\[[@ref4][@ref6]\] Therefore, to obtain a complete removal of the smear layer combination of sodium hypochlorite and a chelating agent like EDTA is recommended,\[[@ref1][@ref3][@ref7]\] use of which may cause changes in biomechanical properties of dentin. Any change in the calcium phosphate (Ca/P) ratio alters the proportion of organic and inorganic components and consequently affects the characteristic hardness, permeability, and solubility of dentin.\[[@ref8][@ref9][@ref10]\] Therefore, the search for more biocompatible agent continues.

Chitosan, a biocompatible natural polysaccharide, has a high chelating ability.\[[@ref9]\] The antifungal effect of a 2% chitosan gel has been demonstrated.\[[@ref11]\] However, studies on the chelating ability of chitosan for smear layer removal is scarce in literature.

Conventionally, smear layer has been inspected under scanning electron microscope (SEM) which is easy to operate.\[[@ref12]\] However, SEM gives a low-resolution 2-dimensional image of a sample.\[[@ref13]\] Furthermore, it may not clearly differentiate smear layer with sclerotic dentine.\[[@ref12]\] Moreover, the sample preparation is complicated and invasive changing the primary structure of samples.\[[@ref14]\]

Atomic force microscopy (AFM) has the ability to reconstruct real-time three-dimensional (3D) surfaces of samples on a computer screen with high spatial resolution of structural details of different materials.\[[@ref15]\] Therefore, AFM should be ideally suited to study the effect of irrigants on surface topography of root dentine surface.\[[@ref14][@ref16][@ref17]\]

Surface alteration in root dentine may be due to the chemical changes brought by the irrigants due to change in Ca/P.\[[@ref10]\] Energy dispersive X-ray (EDX) analysis is used for elemental analysis of tooth material.\[[@ref18]\]

Hence, the purpose of the study was to compare the *in vitro* chelating ability of chitosan solution with EDTA visualized under atomic force microscope and Ca/P ratio using EDX with the following null hypothesis. (1) There is no significant difference in the score of smear layer removal efficiency between the groups. (2) There is no significant difference in the mean surface roughness parameters between the groups. (3) There is no significant difference in the mean Ca/P ratio value between the groups.

METHODOLOGY {#sec1-2}
===========

Forty permanent intact single canal premolar teeth were decoronated to a length of 15 mm and prepared to Protaper F3 (Dentsply Maillefer, Ballaigues, Switzerland) with the standardized working length of 1 mm short of apex and irrigation with 1 mL of 1% sodium hypochlorite (DEOR, Kochi). Canals were dried with paper points to receive final irrigation and divided into 4 groups with 10 samples: Group 1: 17% EDTA solution (Smear off--DEOR, Kochi), Group 2: 0.2% chitosan solution (Everest-Biotech, Bengaluru), Group 3: 0.5% chitosan solution (Everest-Biotech, Bengaluru), and Group 4: Control group (Samples without any treatment). Each group received 5 mL of their respective chelating solution for 1 min.

Longitudinal grooves were made on the buccolingual surfaces using a diamond disc without penetrating the canal, then split into two halves with chisel. The samples were subjected to EDX analysis to determine the alteration in Ca/P ratio caused by the various irrigants. The other halves were preserved for AFM analysis.

Atomic force microscopy analysis {#sec2-1}
--------------------------------

Atomic force microscope requires an absolute flat surface of samples.\[[@ref14][@ref16]\] Therefore, external surface of 2^nd^ halves of samples from each group were mounted on acrylic resin block and denuded of its cementum layer with help of cast trimmer and the surface made flat. Then, all samples were polished with help of 600 grit emery paper for 60 s to create a uniform smear layer. Then, each group was subjected to treatment with the respective irrigating solutions.

Smear layer remained on dentine surface from 3D images from AFM was scored according to criteria described by Takeda et al.\[[@ref19]\] was used but with modifications. Briefly:

Score 1 = No smear layer, with all tubules cleaned and openedScore 2 = Few areas covered by smear layer, with most tubules cleaned and openedScore 3 = Smear layer covering almost all the surface, with few tubules openedScore 4 = Smear layer covering all the surfaces.

The results of AFM images were subjected to statistical analysis using (SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc.) (α = 0.05) by means of Chi-square tests. Results of EDX analysis and roughness parameters from AFM were subjected to statistical analysis by means of ANOVA and *post hoc* test. Multiple comparison between groups were done by Tukey\'s honest significant difference analysis.

RESULTS OF ATOMIC FORCE MICROSCOPIC ANALYSIS {#sec1-3}
============================================

Evaluation of smear layer removal under atomic force microscopy {#sec2-2}
---------------------------------------------------------------

Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"} are representative images of samples treated with 17% EDTA, 0.2% chitosan, and 0.5% chitosan under AFM which shows the smear layer removal efficiency of test samples. [Table 1](#T1a){ref-type="table"} and showed no statistically significant difference between any of the group (*P* \> 0.05).

![3 D images of tooth treated with 17% edta](JCD-20-245-g001){#F1}

![3 D images of tooth treated with 0.2% chitosan](JCD-20-245-g002){#F2}

![3D images of tooth treated with 0.5% chitosan](JCD-20-245-g003){#F3}

###### 

Score distribution with regard to smear layer removal in each experimental group (*n*=10/group)

![](JCD-20-245-g004)

###### 

Chi-Square Tests

![](JCD-20-245-g005)

Evaluation of surface roughness parameters using atomic force microscopy {#sec2-3}
------------------------------------------------------------------------

All the tested tooth surface showed the topographic irregularities and nanostructural changes at nanometric scale. [Table 2](#T2){ref-type="table"}, Graphs [1](#G1){ref-type="fig"} and [2](#G2){ref-type="fig"} shows roughness parameters of all the test sample. The roughness average (Ra), root mean square (rms) average, and R max value are highest for the 17% EDTA samples than both the groups of chitosan. Roughness parameters between groups are compared, and the difference between groups are statically significant (*P* = 0.001 for Ra and Rq and *P* = 0.007 for R~max~).

###### 

Comparison of mean roughness parameters of different irrigation treatment

![](JCD-20-245-g006)

###### 

Tukey\'s honest significant difference analysis in which multiple comparisons between groups are done

![](JCD-20-245-g007)

![Roughness parameters (the roughness average \[Ra\]& roughness quotient \[Rq\]of all the test samples.](JCD-20-245-g008){#G1}

![Roughness parameters (Rmax value) of all the test samples.](JCD-20-245-g009){#G2}

[Table 3](#T3){ref-type="table"} shows the Ra, Rq, and R~max~ value of both 0.2% chitosan and 0.5% chitosan group is lower than 17% EDTA group and is statistically significant. This indicates that the roughness average produced by EDTA on tooth surface is higher than chitosan group.

###### 

Total Ca/P ratio of all the test group

![](JCD-20-245-g010)

Energy dispersive X-ray analysis {#sec2-4}
--------------------------------

[Table 4](#T4){ref-type="table"} and [Graph 3](#G3){ref-type="fig"} shows the total Ca/P ratio of entire root canal from all the test group. It is found that Ca/P ratio of the control group on root dentine is highest followed by 0.2% chitosan, 0.5% chitosan, and 17% EDTA and is statistically significant (*P* = 0.001).

###### 

Tukey HSD analysis: Multiple comparison of total Ca/P ratio

![](JCD-20-245-g011)

![One-way comparison of total Calcium/Phosphate ratio of all the test samples](JCD-20-245-g012){#G3}

[Table 5](#T5){ref-type="table"} shows multiple comparison of total Ca/P ratio using Tukey\'s analysis. 0.2% chitosan group and 0.5% chitosan group showed statistically significant (*P* = 0.001) high Ca/P ratio compared to EDTA group. Even though a difference is there among Ca/P ratio of 0.2% chitosan, 0.5% chitosan, and control group, it does not hold any statistical significance.

DISCUSSION {#sec1-4}
==========

The main goal of instrumentation is to facilitate effective irrigation, disinfection, and filling. Root canal instrumentation produces smear layer on the root canal walls which the irrigants eliminates. There is no single irrigating solution that alone sufficiently covers all the functions required from an irrigant. Optimal irrigation is based on the combined use of 2 or several irrigating solutions.\[[@ref5]\]

EDTA is the most common decalcifying agent, and hence, it is used as a final irrigant.\[[@ref3]\] Crumpton et al. reported that the removal of smear layer was effective using 1 mL of 17% EDTA for 1 min.\[[@ref20]\] However, the application of EDTA for more than 1 min led to the erosion\[[@ref3]\] and change in biomechanical properties of dentine.\[[@ref1][@ref3][@ref8]\] Any change in the Ca/P ratio alters the proportion of organic and inorganic components and consequently affects the characteristic hardness, permeability, and solubility of dentin.\[[@ref8][@ref10]\] Hence, in the current study, 5 mL of 17% EDTA was used for 1 min to make valid comparisons among the three final irrigants.

Chitosan, a biocompatible material with chelating property is a natural copolymer of glucosamine and N-acetylglucosamine obtained from shells of crustaceans and shrimps. It is abundantly available waste product recycled from the food industry.\[[@ref21]\] On the other hand, studies on the chelating ability of chitosan on smear layer removal are scarce in literatures.

AFM provides a topographical 3D image in real time. The greatest advantage of AFM is special construction of AFM liquid scanner which enables to work directly with biological samples even in liquid environments. Artifacts caused by dehydration of samples are eliminated this way.\[[@ref15][@ref16]\]

In our study, the AFM images of all test groups showed an effective cleaning action and opening of dentinal tubules \[[Table 1](#T1b){ref-type="table"}\] with no statistically significant difference (*P* \> 0.05). A study by PV Silva et al. concluded that 15% EDTA, 0.2% chitosan, and 10% citric acid effectively removed smear layer from the middle and apical thirds of the root canal. They also found out that 15% EDTA and 0.2% chitosan were associated with the greatest effect on root dentine demineralization.\[[@ref9]\] Darrag had proved that the final irrigation with 0.2% chitosan solution was more efficient in smear layer removal than 17% EDTA, 10% CA, MTAD.\[[@ref22]\] In an another *in vitro* study, Silva et al. concluded that 0.2% chitosan for 3 min removed the smear layer adequately and caused less erosion than EDTA.\[[@ref23]\]

Chitosan acts on the inorganic portion of the smear layer favoring its removal by the formation of complexes with metal ions due to adsorption, ionic exchange, and chelation and is responsible for the elimination of dentin calcium ions.\[[@ref9][@ref24]\] Most researchers have analyzed only its ability to remove the smear layer. However, their effects on dentin are also important. [Table 2](#T2){ref-type="table"}, Graphs [1](#G1){ref-type="fig"} and [2](#G2){ref-type="fig"}\] shows roughness parameters of all the test sample with greater roughness for 17% EDTA group. It is also shown that the roughness parameters between groups are compared and the difference between groups are statically significant (*P* = 0.001 for Ra and Rq and *P* = 0.007 for R~max~). [Table 3](#T3){ref-type="table"}, multiple comparison between groups, showing that surface roughness caused by both chitosan groups is lower than 17% EDTA group and is statistically significant.

Change in Ca/P ratio gives an idea about the chemical changes brought by the different irrigants on root dentine\[[@ref10]\] which might result in surface changes observed under AFM. EDX analysis is used to detect change in Ca/P ratio of root dentine.\[[@ref17]\] From the energy-dispersive X-ray spectroscopy (EDS) \[Tables [4](#T4){ref-type="table"}--[5](#T5){ref-type="table"} and [Graph 3](#G3){ref-type="fig"}\] analysis, it is clear that Ca/P ratio of EDTA group is lower than all the other test group in the coronal third, middle-third, and apical third. Control group shows the highest Ca/P ratio than any other groups.

Chitosan polymer is hydrophilic and adsorbed to canal wall which favors intimate contact. In addition, it has a large number of free hydroxyl and amino groups that make it cationic in nature that is responsible for the ionic interaction between the dentin calcium ions and the chelating agent.\[[@ref25]\]

Hence, from the result of this study, we can conclude that both the groups of chitosan have the capacity to remove smear layer as effectively as done by 17% EDTA. This was in accordance to the study conducted by Silva et al., in which 0.2% chitosan, 15% EDTA, and 10% citric acid were associated with similar smear layer removal patterns\[[@ref9]\] but with chitosan group causing less alteration in surface structure and Ca/P ratio.

In our study during instrumentation, 17% EDTA was used as lubricant. Therefore, it can be speculated that the chemical and structural changes within chitosan group might be on account of cumulative effect of both lubricant as well as the final rinse. Hence, further studies are required to evaluate the use of chitosan as a lubricant as well as final rinse.

CONCLUSION {#sec1-5}
==========

Within the limitations of this *in vitro* study, it can be concluded that:

No statistically significant difference in smear layer removal between 0.2% and 0.5% chitosan and 17% EDTA groupEvaluation of roughness parameters using AFM showed that 0.2% and 0.5% chitosan group cause significantly less surface alteration on root dentine than 17% EDTA groupEDS analysis showed that 0.2% and 0.5% chitosan group cause significantly less alteration in Ca/P ratio on root dentine than 17% EDTA when used as a final irrigant for 1 min.

Our study concludes that chitosan is an effective chelating agent with less chemical and physical changes in radicular dentine and can be considered as a less invasive alternative or replacement to 17% EDTA.

Further *in situ* and *in vivo* studies for the physical, chemical, and biological properties of various concentrations of chitosan solution, their bioactivity and durability to verify the benefits of their use as root canal chelating agents and its effect on biomechanical properties of dentine such as permeability, solubility, and hardness have to be assessed.
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